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-:fj<7)±m^z 1 X{i 2 Jit±i7):&j5o^[ilS&«« 1 2 ji^ 
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1 ^-^^^T-fc -5 X . ^m^mm 1 2 {±^0-22 B j&i 
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4Lv>, a^c. mm^mmmi2ii. si3N4. a 
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im^m 1 ] ikmm (id <7)-^rc?)±Mt: i xn 2 
i^A±coijmcoimm^u (12, 32) >?)JEi«§n5t 

gfriSJitSft^ ( 1 1 ) (A) *i3-l 0mm 

ifri»fi»iiiif&s^ (12, 3 2 ) {i, ^co-ffl ( B ) 
3 ommOTT-^i-3TifriB55:»i^ (11) i,zmmn^n 

[if*Tl2] n'^^m^ A 1 -S i , A 1 -Ge , A 10 
1-Cu, A\ -MsXitA I -Mn^Xl^M:^^i^MiI 

[lt^II3] ( 1 2) ii, S i3N4, A 

1 NXtiA UOsi^^^^^-iz^ i -y (12a) 
i . luiE'lr 7 5 y 9WK (12a) tDWatcS^§tL>^c 
|g 1 mfW>2 Al:R(12b, 12c) i: . 

mm. (11) tn'>#(tsn^iiixiiig2A 1 ffi 

(12b) tO*tlS*i9 9 . 9 8 fil:%i;Jl±T-fc i i: ^ 
#mt^§ff^ll lX{i2ld«^0y^°V-^>^^x-;^, 20 
[if«lB4] ^a^HliK*^ (3 2) ti. S i3N4. A 
1 NXJiA 1 sOsA^^^^-^-fe^S ■y;?'SM (32a) 
h . Htlie-b^ 5 y ( 3 2 a ) c^-^tOffltCff 

i\,tzK IK (3 2b) h^m?-. Bf|id-b^5 ■y^'SM 

(32a) <nm5<rmti^mm. ( 1 1 ) titsn-^f^ft 
§ ti-f^ i t ^!Rf® ^ -r I. it^^ 1 x\t 2 teroo^ 

[ lt*il 5 ] lt*fl 1 ^ V ^ L 4 V ^•r^i^^iBifecT)^ N° y - 
(10) tfOJfel^i:^ (11) coflfe:Jro±ffiS-A 
1 W^^-t)^ ^> ^ 1. 7]<JftX(i:S?^5^co b-h^yi?(i 30 
4. 24) t«^L^cii:^#iii:-r^h-h^y^# 

[»*TI6] b-h^-y^' (24) {4. -eo^^s^SI 

(25a) 3^;^?FM$^x^ct-h^-y7*#c (2 5) i: , 

HrriE<^^?fjs (25a) ^m.-oxm^i, i. a tctuiEb 

(2 5) tcS-^S^IJtm (26) i:* 

H^^iB^^°'7-^ i^■i-;^^7)SfcilK*^ tfis^ft; (26)$- 

cob— b;^y^?#y\°y— /P„ 40 
[If iRlB7 ] (11) t0-:^O±Mt; 1 X{42 

\:XlJ7:>-Hmo:>mfWm. (12) ;i)^la*Si^/^y^°'7- 

HfriKea^nis&a^ ( 1 2 ) {4, s 1 3 n4 . a 1 nxjsa 

1 2O3;0^^>^:^-fe^5 ■y^'SS (12a) flfriB-fe^ 
5 ( 1 2 a ) <:0Mffi(CJg-^$ix/^||ia?/IS2 

AIM (12b, 12c) h^mx.^ 

A 1 m^^Mi!3-i^^:s>imM ( 1 1 ) mfiei^iiii& 

(12) com 1 A 1 ( 1 2 b ) A 1 - S i , 
A 1 -Ge, A 1 -Cu, A 1 -MgXtiA 1 -Mn^ 50 
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mtmmm ( 1 1 ) ^^^.^i a i ( i 2 b ) fujtco . 

2 mm^ixf^iS^ 1 A 1 M ( 1 2 b ) F^<P0M^ti3V^ 
T . E P M Al:i 0 5 ."if^^flf S-fl-^TMSS^XfCTC 

mrian'>W>?)>'A 1 - S i ^iOJ*-^. 0 . 0 5 %g S i g 
3. 0%, 

Al-Cu^<7)^. 0. 05%SCu£2. 0%, 
Al-Mg^cO*^. 0. 05%^Mgg2. 0%. 
Al-Mn^O*i^, 0. 05%gMngl. 0%, 
Al-Ge^OJft^. 0. 05%^Geg3. 0%OiE 

[ff^S] aSlK ( 1 1 ) ^iOffS (A) t,-3 

— 1 0mmc7)A 1 l^-^^MT-^fe -> T . 

mmmmm^xm ( i 2 ) a. ^co-a ( b ) «^3 om 

[|*«II9 ] mSftlS (11) cO-*i^±H(: 1 X(i:2 

i':Ji±io:^?f^toffi^iiiiE#s« (12) ^mm^titz^-^v- 
mM&mmmxm ( 1 2 ) (i. s i3N4. a 1 NXiiA 

1 2 03?!)^A>^S-lr5S ■y^mU (12a) fllB-b^ 
S 'y (12a) COiiiai^it-^Sixfcm 1 &?>'IS2 

AlM(12b. 12c) tt:mt. 

A 1 m-^^m^-^^x^mmm ( 1 1 ) (c. mfiB$e»iiiff& 

(12) com 1 A 1 M ( 1 2 b ) A 1 - S i , 
Al-Ge, Al-Cu, A 1 -MgXSSA 1 -Mn^ 

mimmm (11) i:tuiBigi A 1 s ( 1 2 b ) t/m 
^^titzmmzii. 10 0 o^m±ofg^to^s«^^ 

[000 1] 

[^mcomi-^im^m] ^^ma. immco-ij<7)± 

^hcoxh^. 

[0002] 

l%^coim^ IMS (a) {Z5r<ti.dl,z. rc7;)awN°'7 
-^>>"a-;h LX'SimM2co—-:fj<7:)±m^z%m.m% 

3{4-lr9S >y^»^3 acO|5|HtcSS 1 aUffiS2 A 1 ^3 
b, 3c^m^^h^hi,zi:^wm:^ix^. 

3 com 2 A 1 K 3 c y y t j; 0 ffi'M.cO^ ^° 

^^^iittsix^, ^<7ymmmmL3<7ymi A\m.3h 

{i:, A 1 S i CS-^#^tJ; *9ffM§tt/iJE^lM«M6 

^itLXA\Mi^±m^h^£^imM2<^±Mi,zm^^ 
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m.*)-ii[if^tih , <r c?)#5fc<?)^N°7-^i^' j.-;^ 1 Tit. 
^mi^^ y°^4 timLf^mam 2aik3c, -t^s 

fziibiz. m^m-^^{^^-yy^4tmmizm^tkWL 
•ttmmm.2tx'commim-^iirx^cr,^comm}ii'^ lo 

&:hmmm 6imf^^t^<m5 ( b > tc^^ j; a 
mmm.2izmmm^mm3im.mmm-r^zti}^^ 

[0 0 03] 

3 * [t:®Ei«t- 1. ^: . ^mwi- "/ r^4 

»mfnm^.{z i D ffiS^SS^S^ 3 cn^m^mS. t ffiS 
^«Jicr.|.^l A 1 ^3 b;0-'M03SUtfflf I.JE^Ji^j; 20 
fc^. ^LTmi A l«3b*iJllX®^t,^iB.r-f-i:^<7) 

< ^-s. rcm-s***) -I. « i . mm. 2 i: ^^nissa^ 3 

[0 0 04] *f|Bflc^BS^ii, ^LV-^K*9^±t§ii:l. 30 

4^)Vmff:)mMzi.hMiM\\L^m^^^tti^^x<. m 
^ vv N°y — ^ J. — /t-ar/b — h >'^>' 

[000 5] 

■3 , mm. 1 1 CO— :^cr)±fflt: 1 Xti 2 i;it(r)M<r) 40 

- 1 0 mmoA 1 m^^mvh 0 . mrid*fei»iiisiaM 1 

2 C7)— ffl B 3&>' 3 0 m mJilTT'*) XmimM. 1 1 

mi 2 CO-iU B ^ 3 0 m miarizmmi- 1. C >: TV, 

Ml 1 tmmmimmi 2commmmc^mmi,zm-^<m 
mm^xmi 2cr,mizi5iir:t,smmcommiitm'3^h^ 

in(7)m^<7)&»M 1 1 t:mm^h i t x\ imm. iit 50 
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mz. im.mimui 2^mw!'Mi i^zm^^^i^ 
\'n^^hx\ mm^mi 1 2 ^ -mm. 1 1 1 toraco 

t^x-^h. Wi. ^m^mi5\.-^xmmm^mm.i 2tfo-a 
<7^^z\±. mmmmm.1 2<7ym^<7^-m.<?^^^m^-t 

hoyX'hh. 

[0006] t.tz. ±Mm^cr)f^'9—=^-J^—Mzio\.-^ 

xii. mummmmui 2 himmi 1 1 ^xi-^m-t 

:htz>^<^'^-^Mti^. Al-Si, Al-Ge, Al-C 
u, A 1 -MgXJiA 1 -Mn^nt^W^^^^jSJffLl. 1 

Xii 2 &.±.<^)w^PiX'h h^h tmt. L V \ iix A, on 
ffiSHg&XMl 2 1 ho^Wi-^m^zty 

tzhm^h criWm.ii^mi\^tz^\i^fim^X:t>^^ t i: 

atL^S i^Ge^c7)m2)j!c4i-*^ ffiSHIg^XMl 2^ 
mm. 1 1 ^teii^l> ^ i; T\ i D«^3iJKS:S46i.S& 

[0007] i^mWr)fV7~^i/ a.--Mzii\^x 

a. ffia^ESSaiK 1 2 S i 3 N* . A 1 NXJiA 1 2 
1 2 a tOUiai^it-^S^XT'cm 1 S.t^'SS2 A 1 M 1 2 

b, 1 2ci:$r(ii., Mft^l ltc:a'>#ft$tL^ffil 
XiS^2 A 1 « 1 2 b (mm.ifi9 9 . 9 smmxiiLtx' 

[0008] U)S.:¥9 9 . 9 8mA%i2LtC7)A 1 K 1 2 

1 2hi:nmi 1 tEffin^#{t^^2|s;f6BJcOM°y- 
^>>'ju-;txT1i:. tmmmmi 2<:^ja«*^"a-Stffia 
t orHTC-IS 0 m Lmt LXi>. Al:^12b cOJE:;I3P^JR 
iPmtimT-t?> Ztii^K. >'^°'7-^ i^'^-Zt- 1 0 cOl» 

[0009] iJct:. *^Hji7)^N°v-^>>\3.-;m. H2 
(Z^fi-StC. ^|lIS§*K3 2{i. Si3N4. AIN 
X{4Al 2 03*^Jo^ri.-lr^S-yi?ftM3 2ai;. -b^S 

-y^^mms 2 a(7^-:(fcr,mizm^^tlfzA 1 «3 2 b i: 

^mt. -ty 5 y^mms 2 acoimcom:i)mmmi 1 

[0010] <I^7)^iJ^g;c7)y^v-^ S/i-;P3 OTii. b 
7 5 ■/ ^SK3 2 a(7)ft!i::^iOBSrgclKiS 1 1 m«n^ 

wtL7ttoT\ ^ofi!i:^oHiit A 1 m^mm^ivfz^ 
mm^m.iztmLxm.tAt:wizi&m-h ^ttn-^ 

-g-o -tyi'yi^mm.3 2a.crM:fjC0miZA\m.i: 

mmi^j:\'-^cr)X'., ^(nAimmxM-it^m'i-t'itkz 

B&th§M^:W]±X-^ . >'^°'7— /^3 Ocom-T 

t\ itmm "9 to± t »iv w§ -t-fc Jt^ewv ■> 3 - 1 
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SO— ia B S 3 0 m mIilTt-$lJ|J| LT V ^ ^ tzish. -fe 7 S -y 
^»«3 2 ac7)ffeHt:A 1 ^Sri5{t^:< i: t^NV-^^ 

A 3 0 L V 1^ D ^ * t S -li: i h V ^ . 

[ 0 0 1 1 ] *M±. HHc^^i; o ^tc 
SrA 1 ^^#*^^>^^7j<:J^X{±^<%3S:f5b-h;/V^ 1 

ifeSfeK 1 1 ^zw^t-i.zmm^'^^ » ;eo^NV-^s/A- 10 

[0 0 12] mz^ :$:5|0^Ob — 

t . mmimmM 25a ^m-^xmrnti j: 0 tcKriBb 

-bi^>':^**2 5t;»^Snyt^*2 6i:*flx.. it 
(^iBtfec7)^^°V-^:i^'A-;^'0^feil«l l |fri5M#:2 

[0013] mz^ ^wm. HI (CTK^j; 3 (c, im. 
m 1 1 <50— ^TiOifflt 1 X(i 2lil±c:o:^rjf^toieiS^lMl?§S 
«l 2*^M*Sn/::^^V-^ ItTieie 
mM^W^l2},±. SisNi. A 1 NXiiA 1 2 03 7&^fe 
:5:-S-b ^ S -y 12 at. mrlB-b^ 5 -y 12 30 

a c7)Mffit:fg'^§ tLfc^ 1 Rt/m 2 A 1 ^ 1 2 b , 12 

ctirmt. Axm-^^m^-^^^^WMMi nz. mm 

m^m^W^l 20^1 A 1:^1 2htiK A 1 -S i , 
Al-Ge, Al-Cu, A 1 -MgXJiA 1 -Mn^ 
xri^ym^hMim^ 1 Xii2]2LL(D^^mizX OUtin 

^mf$nx^j:K). mmmm (id t-i^miA i m 

(12b){||tC0. 2mmmtlfzmMlAim(12 

b) {^commza^^x , EPMAi^zx'o 5<^.^m.Mm 

O'^WsD^A 1 -S i^cOJi^. 0. 0 5%£SiS3. 40 
0%. A 1 -Cu^c7)*g-^. 0. 0 5%gCug2. 0 
A I -Ms^co^-^. 0. 0 5%gMgg2. 0 
Al-Mn^OJ^-^. 0. 0 5%gMngl. 0 
%. Al-Ge^COJ#^. 0. 05%SGeS3. 0% 

[0014] i^^H^WNV— El 1 iz^-t 

J: o t . 1 1 i,zmmm^m& 1 2 ^^tt^n-^f+ft 

SixTffi{S;§ix*3'9, ^coxj^mtA i - s i , A i - 
Ge , A 1 -Cu , A 1 -MgXJiA 1 -Mn^;&>^>S 50 
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l^tli>lXl±2]i}.±.cr)V3'^mt^tiXy^?>. ZC0J:dl,Z 

mm^^mm. 1 2 1 st^;^ 1 1 1 ^j^^'^ a tifz^^m 

^iiiS^^^^i, iteiSlM|jE&*:^i 2hSdl!i«^i 1 tco^ 

^m^i^zti^<7)\f^mztim.L. ^m^mmi2(DA 

1 ^ 1 2 b i: . imm 1 1 i: c^»^g|5^l:fit:ifea>i-'?^fi!t 
[0015] isOfiStSciifOffMt J: D+^i-'SrS-^gfiS^ 

;t^) *i#Sn§n^l^<7)S!cS?i«^l 1 ^:iffii»IlIS&SKl 2^: 

iom.m^commiz^hm^n^m.uL^ti-i'. m-^mxc^ 
m^i2 Rummm. 1 1 ^c^j!i;^*^'^?Eii-T & § 

[0016] 2|s%HjTii:. ±f2*!£fS[iOg^& . MmM 1 
1 0 . 2 mmF^iIIJtO|g>^[IIg&^ 1 2^0 A 1^12 

bp*ic7)'SJit:i3(,'>TEPMA y-^-^^'or 

9 ^ Hf- ) J; ^ 5 * S*^^f/f ( l¥ffl{if:SM t- ) J; 
DiiS^-S ZttLfz. ^ LT. :$;%0J#{i:C:fiA>£7)iSi| 
fe*Tl^tli$tL^ca'>Wfia^^to-ir*ic7)T%ffl*\ Tie 

o , #1-9-^ ^ tc# 0 mmmmiz ^:^mi^iz^'oxmm 
mmui 2bm.mm.i i t(Dm-^mmm-t^(7)^^ 
m'jizm±x^:i>zti^^L. ^mM^r^mLfz. -t 

^j:h*>. *^Hjc7)yN"r7-^i^-^-;W±, ±ieS!JS;S-caiJ 

^^tltzS i , Cu, Mg, Mn, GeCO-^^M.^^. n 
^#>6^'A 1 -S ii^c7)«^{iO. 0 5a*%^Sig 
3. 0a*%. A 1 -Cu^cOJft-^iiO. 0 5**%^ 
Cug2. 0%. A 1 -Mg^<7)J^{±0. 0 5SM.% 
gMgg2. 0%, A 1 -Mn^c7)*i-^Ji;0 . 0 5fiM 
%gMngl. 0%. A 1 -Ge^OJ*-&{iO. 0 5* 
fi%SGe£3. 0%i:§tLTV^^o <rtL^>c7))tr5i-<7)-# 
^r*« . Ml^j^Sza ^ E P M A J; 0 ilUJg § tiT^cfflcT) 

W^l 2tOA i;Ri 2 btcSl5j>^)^^,-^atiTV->/::ijOy&^ 
{ira1*5^rv^, ±iS-^^rSoliH{i, Ai^i 

2bta^;0-^>#4tLTV>^BS^^^:. W^^'fet^ L 

i^mcommmizio ^^xmt lx^sK). ^coMi^m^j::ff 

m^mmz-Di-^ximmmizxim-t^ . 

[00 17] *:5|0Jti3(ti.EPMAtj;i. 5 
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i^Z^-tXohz. mmm.! 1 hu-^M (EI^Ht-r) Srr/t-t 

xm-^^td-zA \m.i 2 boi^gp-c^-^T, 1 1 

<r>±mti^^O. 2mmMix/iA 1^1 2b|^C0fiS<7)5 
( P l-P 5 ) SrtlS.'Si: itt^>iOa!MP 1~ 

P SfCEPMAti; DiJSS^XTtiS i , Cu, Mg, 
Mn, X{±Gec?)-&^r*<?0¥±^ffl^*ai-f •g.i>fO-C^5 

ioidtitT. Ami2b i^«7)±iB-i-^r**^'ji 
•wcS) s ; i: ^ ^atc^ifg-r Sit 3?)^-c # tJie A i lo 

mmi i(^±mi i KDo-hmmm^mui 2i)m^^ 

hW/^liZ^ MHl 1 I Ah.^'^'it^-y^Zio^i^O . 2 mm 

iitL/iH^#5E^SI®(;i(i, ±H1 1 lod-ip, HI 1 
lAl^mc^ffil 1 1 B^«^g(CLT^>^V\ ^fc. ills 
;SP 1 ~P 5{i:. 0 . 2mmmtlfzmnX'B 

Mcr>B;^.imm-h^hti^X-%httK X DlE^tCteit)! 

(r)'mm^'iWzi^i,z^ mm^hm-^!^.)io toraPB^ 

0. 5mml.:Jl±i;-r^i t/5)W4LV>„ 20 

[0 0 1 8] tfc, ±ia«^tci3i^Tifeift^i iti. ^ 

OJJSAt^^'S— 1 Ommi^A 1 S^-^^ffiT* -9 T . mlE 
l^mm^MW. 12, 3 2 {i -e iS B 3 0 m rnVXTX 

h-yx. mtmmm. 1 1 tcissn -^-fttt § ai> c t ^o^sf 

2 iO— jfl B ^ 3 0 m mJilTfcSlJK-r -g. i ^: T\ mi^M 1 

1 b%mm%w&i2<DmMmm<^m)mzm-^<mm 

^mL 1 2c7)g^(c*3(ti.K«l*c?)ffla^J:b^W/hS <Jfp 

i¥§oifti^s 1 1 ^ffifflfi. i i: T\ Mmm iitmm 30 

i'' -;n 0 601= L I D Sr jfPfiJ-f ^ >! t ti^'^ h . m. 

-ox. x'omMmiztmmsii^zifoimizxmmim 

[0019] mz. ^miii. mmM ( 1 1 ) <7^-:u<7y 
±miz ixi±2 m±.coyjmc^mmmmmm. (12) tim 
m^tifzj-<v-^ i^A-Mzt5\<^x . wismmm^xm 

( 1 2 ) tt, S i3N4, A 1 NXJiA 1 203*^A>^l>-fe 
^5 ■y^'SM (12a) t. fJlfi-fe^ S ^'S^ ( 1 2 

a ) commiz^-^^titzm i Rx/m2A i « ( 1 2 b . 40 

1 2 c ) t ^fii. A 1 ^■^±m:b^to^j:^mmm. ( 1 
1 ) mmm^^^mm ( 1 2 > c^i^ 1 a 1 ( 1 2 

b ) j&i. A 1 - S i , A 1 - Ge , A 1 -Cu , A 1 - 
MgXJiA 1 -Mn^o-^^f^^^jjatm-l. lX{i2Jil± 

(11) fcfria^ 1 A 1 « ( 1 2 b ) t timi^Mxtz^ 
^izit. 1 0 0 omiix±.(Dim<7)7mmi'mmmmzii 

® ^: ^ -1. ^ ^° V - ^ ^ - ; 1^ * ^ o 
[0020] -r^;!:)*). :^f&(D^'<V—'^'Ja.-JU±. 50 
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HKc^t-ifeiftSl 1 tlSlA 1^1 2b^:C0®-^tffl 
l.^fcD'^Wti-irtni.A Scii^i IS 

uyxnm 1 A 1 K 1 2 b ^m^^tih i h T\ 10 0 

0 mmi(omm<7)^^m'fmmmimzti i t> n 

■^■^Izm^LX^^^^ttr'mitLX^^^. ^^Mi^i^ 

«iitmiAiMi2bt mm^-^iz—mt^tix 

[0021] 

[mi<Dmmmm] mz. :^^mcomi<7}mmmiz 

ov^TI^0fl-ri.« miiz^-tXoiz^ z^WMco^-^v-^e 

1 0 fi. mmm 1 1 cr,—yfco^miz i 2 ly. 
±c^:>iim<7mmmmm 1 2 *^ei*§ tt^^i i c7)xh i> . 

SciKltel 1«A -e^O 
ff^A^i/iS-'l OmmCOicOj&^figfflStLl., ^UlS&a 
«12{±, Si3N4. AlNXliAlzOsti-'i^^hm^ 
^'^O. 3—1. 5mmc7)-fe^5 -/^'SiKl 2 ai;. 
-tr^5'y^SMl2a COffiBiCit-^S ix^^cm 1 2 
A 1^1 2 b. 1 2c i:Srfi;t^o icoffil ^11/^^2 A 
lffil2b, 12cl,Zii. 9 8M;%Jil± 

T-ft-^T. -eoJf:§>^)^0. 2 5 — 0. 6mm<7)tcOSrffi 
fflt--g.i^:*W^LV\ iiO-fe^S ■y^'^^l 2a^:m 
iai>'»2A1^12b. 1 2c{iWjg§ixT^e^lIIS& 
mmi2t^X'o fzmmX—m B 3 O m mmTt:=5r j; 

[0022] -fe^S-/ i^'^K 1 2 atOWH^cT)^ 1 28.1/ 

m2Aiiti2b. i2c<^)mmwmi±. n^^w^^t 

Tif i^ix-S , if*;Wt^{i:. Ig 1 A 1 M 1 2 b co±tcA 1 
-S il^n-^W (m^K-lir-r) . -fe^S v^Ki^l 2 a. 

A 1 - s i ^c/'^^f ( H^-^-r ) m/m2A l l 2 c 

1 i colli? -Cfiia/i^^SIT, i ^) 5 0 — 500 
k P a Jni. , 5 8 0 — 6 50 ri: jD^i^i. i 

-aiBj!)i3 OmmJilTiOffeSmS&a^l 2*i#ii>a. ^ 
<7)^±Ht:feft.SSl2 A 1 i^l 2 ciix-y^y^^tcj; 0 

{i9 5 — 8 Oa4%«OA 1 t . 5 — 2 0M%OSi^: 
cO-^^3&^^.^l.t<7)-r-^-oT. ^<7)M,'SjtP'5 7 5°C<7)t 

[0023] — 3aB>^)i 3 0 mmiy.Tt §iX/tffiS^[llff» 

«1 2{S. immi 1 tn^WciDEffin-^-f^ftS 
tL. .roo'^Wi: tffiA 1 -S i , Al-Cu. Al 

-Mg, A 1 -MnXJiA 1 - G e ^n^^^^jSif ix 

6ixi±2a±.<r)xi^:^^m^^^zbmftL\^-^. mm 
m^mm 1 2 coimm 1 1 ^cox^^nmt. mmm 1 1 
co^izmmcon^m (la^-r) tmm®mmi.i 2^ 

z cr)mjfxmidtfz^m.x\ zti^iz^m 5 o — 5 o o k 

P a ^ jDi. . M^^X 5 8 0 — 6 50 "CiZtm LXn^ 



(6) 

9 

iii&t^iS2A 1:^1 2b. i2cimmmmLtzxj^ 

b - b ^ 1 4 izmfS, $ ^l/ciite 1 1 4 a icii 
-^^S i t J; D . MftiK 1 1 cr,mifcr>±mi±A 1 -^^ 10 

[0024] ^fc . ^Iljmnw^v-^ 
^ffi;iSt$tLl.^\ ic7)jfeicomK(i. #fi^frs.ixip«t 

iE-th ^ i: . -r^rt)*> . ffiSHIIf^K 1 2 OA 

1 Ml 2 brtcOMlitCfc^^TJSciiMl 1 J&^'^O . 2mm 

/i#^r»coT%tt^\ a-^W^^A 1 - S i ^o^ti 

0. 0 5fi*%SSiS3. Ofi*%. Al-Cu^^<73 
:%-^{i:0. 0 5aM%^Cu?g2. 0ai%. Al-M 

g^oJ%-^{so. 0 5S*%gMgg2. oa*%. A 

1 -Mn^cOJ^JiO. 0 5fiM%£MnSl. OS* 

A \ -Gemcom^itO . 0 5S*%gGeg3. 

[0 0 2 5] ^«0J:3t«^SiX!t>'NV-^i^'a.-;H 

^mmi 2im.mm.i i^zmm^^ymfLfzi^T. ^<ri 

PaltOiEE^a^^f^tsf- rm 1 6 L^clSi^SSci^M 1 1 
\izW^Mz{m'^^Xym^'^-Yl^V'^ 1 4>{)-iJ>S^ 

mzmi^^h^h'h'^x'%h . t.fz. ikm-M \ \h'im. 

ff$"r'fc^l:t«5WJ¥V^3~l Omm<7)ff$c?)JS:m;Kl 1 

Srffiffl t . mBmn&m. i 2 o-ia b 3 0 m mj^iTc 

fiJRSLTV^^fci^. n'^WtWftfcft-I.SiCiS^l 1 

1 2 <7)S&Jt2ffl*c7)ffiat:a-^ < 40 

1 2(m.^z^\^hmm(rmm:Ymm-^^<m\x% 

isO^S. ^^°'7— ^rJ^'j-— ;H Otl^LV^JxDSr^t 

^12 OfB^tifctt I. JRffific^fflai>JtKW/h$ < nmr: 
,n°v-^^'j.-;n 0<7)^-+?-^"i?;^»^&J:bKW 

[0026] mz^ i^mk^M<r)}^V—^i^ 1 T' 

mmmm.\2~kmm-hA\m.\2\iXh-> 

X. immi i{zmmz'a^\m^Kh%j<^)^z. mim 

-fb^iaiLiH^^SQ 9. 9 8fi*%iil±c7)A IMl 2 50 



#132 0 0 3-8 6 744 
1 0 

b ^mmi^tzfz^. y ym 1 6 so^iifc 
i 0 mmmmi. 1 2 i: ffi^ t 

■r-« 0 jI L^^b tr t ^« A 1 1 2 b 7!)^^ D jg Lf^ffl 

c'Mzmmthmi^mthm^<rMT^vm\^ 

0 ^ ^;P»^^St^< i h i)^X% h . 

[ 0 0 2 7 ] j^. i:M\^fzmmr>mmx\%. mm^m 

M.\2\t. ^'7^-y^^.\2a.amm,Z%\WfW.2 

A1^12b, 12c ^^^-^-t^fz^cniXi^^iVrh . ^ 

fthmii^^^ttx'^^^ttfzmmmimM.x 2^mm. 

1 ltc®-^-ri.n'>#ftSrSiJX^-C^f'5 3t*^ #-on 
[0028] ^Xt:, 3^^Hf50lg2 cO^lfet^^ff^tjicol^T 

-m^iim-^ffu^^LmK)mLxcomm^mm^i>. 

m2i,z^-ti:di,z. *^Hj§i7)yN°v-^£/j.-;t^3 oji. 
ifeiiK 1 1 cr)-JjCD^miz 1 Xti: 2lil±tO*»Jc73^a^[ll 

s^mm 3 2 >o^ia*s t c^)xh . scsi^ 1 1 a 1 

^■^^t^^^j:^mMX'h'oX. ^c7)JJ§A3f)i3 — 1 Om 
mOtO*^'ffiffl$tl^. ffiSIlIS^aK3 2(i:. Si 
3N4, A 1 NXJiA 1 203;^)>^>^-S>JPS^i'0 . 3—1. 
5mmO-t^S 'yi^'S^3 2 ai:, itO-fe^ 5 ^'SS 

3 2 a.(7)—^comt,zm-^^tifzA \m.3 2hh ^mt 

iO-fe^5-y^'aK32at AlS32b{±mM§ 
ftXmm^^m. 3 2^^-5 /t^l^FJT— a B 3 0 m m 

OTt^^^^j; a^*ffmcotco>0^'ffiffl$ix^. A 1 «3 

2 b {i-fe 7 5 -y 3 2 a <P0-:firOffilC±ai L^tm 1 

(ommmm t m-co^mxMmtm ^ti. zcoAim 

[00 29] :icr>i.o\,zLxn^Ktz--Tn.B-fy^3Qmm 

i:XT<^mmmnmm.3 2\t. wmui hca i - s i , 

Al-Cu, Al-Mg, A 1 -MnXJiA 1 -Ge^ 

u^mzi^w&u-^nn^ix^. i^^^ms.32<^ 
a(omj5<nm^n\^-^^^ j; ^ lt^[ii£«^3 2 

SrS!^-!., ^(^W&X\ i^x^>tC?Sffi5 0 — 5 0 0kP 

aSrjD-t, *ffift'T-5 8 0 — 65 0°CtCjP»i tT n^^W 

Cso^, Midn'>Wi:i!bS;&i5 7 5'C^jKt0tt0;&i'« 
ffl§tL, -lr7 5>y^*«3 2ai:Am3 2b$rS)S-r 

^-fe^i -y^a«3 2 a^;^^§Bl§-^-S.ii:*<, ^SlK^ 

«i \hmm^U3 2^m^-th^y^ y^mm.3 
tix^js^*^ 2mf/xi,i-wmMi i 



(7) 

1 1 

-;i'3 o«. nmmi icomi^zwm^ tLfcm.mil i a 
f^^fifzmi^ 1 1 4 a t^Ji-^-r i i: i 0 . amu i 

1 4izm^^it^. 

[0030] J; o tffiBg^^l/i^>°y-tS^i-;l'3 
3 2^tffi!c-f-^-fe5Sy^a«3 2ae5ffi:firOffiS:Kife 10 
■y^«M3 2 aOflfJ^-Offltt A 1 1 

^stioj^sst^fctti. i>oj; Kimzm^'ifi^ii.xms.m± 

mmM 1 1 i^zwizm'¥ihHziim^-^h ^ t:^^x-% i> . 

[003 1] tfc. "ty^ y^^mmS 2 a c7)ffi^r(5DHt: 

o<r)S^-^-^ ^^!im-^imzM:<mn-t^ ; i; ti^x-^ h . 

S0«^l::.|il/'>JS$-Cfc'&J:bKWJ¥<'>3~l OmmCOjJ 

s (^mmm. ii^m^L. tmmmmm 3 2 co-m b ^ 
3 ommOTt^sijpiLTo-^S/t^. ii^f-^ 9)vn><zm'r 

^WLmmi 1 h*fiiS^ll]lf&»R3 2C0!KtiR^^OffiatcS 

m^^<mw(:th. itoMS, ^^v-^>>■J.-;^3o 

[ 0 0 3 2 ] 1^, IMLtzW. 1 &WB2^JifiOff^ffi-C' 
7j<J^x(;cob-h^yi? 1 4tii-^L5tb-h>-y^'ft^N° 30 
<Z)toT'S>-5Tt^v\ i;-c\ ia3ic^-f"J;-3t. t 

- h i^y^ 2 4 *^i^ig|3FJ&2 5 amm^Ktz^- V 

Xoi>z\L-hi^y^'^i^2 5i>zm^^tLfzm.i^2 6bi 

di,zLxi>B:^\ mi,ziiifhm^2 6it^-hi^y^^ 

i^2 5i,z^dm^tihh<7)i^L, ^cox'ii,zM.mm:^^ 
mi^2 6imi3itni. mmi^zmimm.^'^himTh^ 
7ii2 7 bmt:m-h ^mf^^ -^y^iet (T^mmimiz 4o 

ffi464.tL§<I^:t:J:'9. -y y'W 1 6 t fzm 

iZcr,\z~h-^y:^2 4i- ^mtizm'^t- tmSC $ -ti: I. ^ 

[0033] 

[Mfif^j] ^WMcommm^immtthi>zmL 
<mmm i >iii i iz^-tx oiz. m. mRt/m^i^^^ti 

-fix 1 5mm. ISmmSt/O. 6 3 5 mmCO-fe^ 5 >y 

i^S^Sl 2 atOMffitC, ffi, «l>0^-fe^5 'y^^S^l 2 a 
tm—X\m^^^O. 4mmOAliKl2b, 12cS 50 



J^iH2 0 0 3-8 6 744 

1 2 

mmLfzmmmmmi2t. m. mm/m^ti-^ii^' 

tLlOOmm. 1 0 0mmS.U^3mm<7)A 1 

^^^mmmi i ^mmifz. z^x-mmmsmmi 2 

J^j&sg 9 . 9 8S*%lJUi<7)|g 1 ^11/^2 A 1 1 2 

m.1 2im.mMi it:w«LT?ffrai sokPa^jp 

K^43T-6 2 0'CtJniaL3t„ 2 0 ^j^gi^mj^ait- 

^^iti^zx'oimm^mmi 2ii^tmmi it^Ai -s 

1 }=i^mz^ '9ll:»^'>#{t§^^i^^^°V-^>>^l-;H 
0 ^#7"^. d LX%i^tLti^-^V—^i^a.~)V^ 

[0034] <mMm2>mMm i o^nv— ^y^.— ;k 

m. 2 0mmSt/'0. 6 3 5 mm(7)-fe^ S -y 1 2 

acOMHt:. Si. fiT^^'-t^^-y^SMl 2 a b^-X. 
m^ti^O. 4mmC0A 1:^1 2b , 12c^W®Lfcffi 

(^HIS^iK 1 2 i: . m. mRi/m^t^^ti^'ti l O O m 

m. 1 OOmmRVemmCOAl ^-ir^Mii-'^tp^MB. 

mi 1 immLfz. zcommmmmmi 2^:mmmib 
m-<^^f¥X'A 1 - s 1 ur^mzx ^mmm 1 1 izmm 

^^mf-th^blZi. '9^^V-^:i^■A-;H Oi^^fz. 
Z(r)^dl,z LX%c^rLtz^^V-=e'Ja.~)Vimm\2cr) 

mmbLfz. 

<mmm3 >mmm i ctj^nv-^ y^-yi-i: iii-wt43&^ 

t^'O. 6 3 5mmO-b^ 5 -y :?'SiKl 2 aiOMfflt-. 
IK. mti^-i^y S^-yi'Smi 2 a b^-X\ J*§*^0. 4 
mmi?DA 1 1^1 2b, 1 2 c *«Ji LitiffiiStlHli?!^ 1 

2 b. m. mm/!¥^t^^ti^tl lOOmm. lOOm 
mj5.U='8mm£7)A 1 Jf^^AS*^ ^: JfeiS^ 1 1 ^fflS 

Lfc« ^com^ms^mm 1 2 immm 1 b |5I-o^#t 
A 1 - s i n-^wici osi^^i 1 izmm^^nitt?> 

.IbizX O^^'V-^S/a-zH 0S:#;^, .lcr>Xz>izL 

xnhtifz^ N° v-^ i^' A -;t^^^jifi^j 3 c7)mnb vtz . 

[0035] <JtKM 1 >mMm 1 <50^N°v— ^i^j.— ;k 
m, 3 0mmS.t^'0. 6 3 5 mmc7)-fe^ 5 -/ ^'S^K 1 2 

acowHt. m. m^^-^y^yi^ms.1 2abm-x\ 

m^t^O. 4mm£7)A 1^1 2b , 12cimSLfz^ 

um^m i2b.m. mRx/m^ti^^n^-ti i o o m 

m, 10 0 mmRX/ 1 5 mmOA 1 SS^AMy^^^^^T-SSSC 

mmi nmMLfz. z com^m^m 1 2 i:mmm 1 
b m-<7imf¥XA 1 - s i xi^mizx ^tmm 1 1 t^it 

fz. Z(r)J:dl,zLX%(^tLfzy^V-=t'JjL~fUi:imm 

icommb Lfz. 

[0036] <JtlRM2 >||JfeM 1 C0VN°<7— ^i^'i— ;k 
m. 5 0mm25.t^"0. 6 3 5 mmcD-fe^ 5 >y i^^^K 1 2 



1 3 

m^^O. 4mm«A 1^1 2b, 1 2 ct:mmLtz^ 

mmimmi 2k. m. ©avKS^^'^timi o om 
mi 1 ^mMLfz. zc^immm^i 2^mmmit 

y^v-^'Jj2.-)V^imm2(r)Mmt Ltz. 
[0037] <JtKM3 >||;^M 1 (D^^U—^-JjL—fl' 

t i5i-wf4j&- i^^^m. m&v^m^ii^^ti^'ti4 o m 

4 0mmat^'0. 6 3 5 mmCO-t ^ 5 -y 1 2 

m^ifiO. 4mmC0A 1^1 2b, 12cimmLfzm 

mmmm. 12k. mRz/m^t^^ti^'ti 1 0 0 m 

m , 10 0m mRX/ 2 m m t^) A 1 ^-^^W.'^'' hti:h 1kWk 

Ki 1 ^fflstfco .ro^iigsa^i 2 $:mmmik 
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1 4 

fzmUm 1 ~3 . J:b«^M 1 -3c7)-?-n-?-'^^^7)y^V-^:i^■ 

[0038] <Jt«ISiaiA'iFfilli>^SfefiJ 1 ~3 . irbiR 
mi SCO ^fi^'ixcOJ A 
§|tT-4 0°C3 05i--^a3 05>~1 2 5°C3 O-^— 
mM3 0^^ 1^4 ^/UkT^&m-4 ^/i^^muL 

fz. as-r-f 9fv^io ommviLfzn^x'^wmm 
10 ui2t mwm 1 1 <r,^mm.c^^m:wm l . mm^ 

<r)m^hmi{zmm-h. 

[0039] 

[«1] 





(mm) 


(mm) 






1 5x1 5X0-635 


3 


4 0 0 0 


mmm 2 


20X20X0.635 


6 


3 5 0 0 




3 0X 3 0X0.6 3 5 


8 


3 10 0 


itie«ij 1 


3 0X3 0X0.6 3 5 


1 5 


2 0 0 0 


imm 2 


50X50X0.635 


5 


15 0 0 




4 0X4 0X0.6 3 5 


2 


^ 0 0 



[ 0 0 4 0 ] ^ 1 ti-^mi^i)-^j:k 3 tc. WmM<r)m^ifi 

3—1 0mm-?*-:>T. ffiSHIff&SiKO— jaByO^'3 Om 

mviTx-hhmmm i -3 -cii, a«-9--< ^)vm^t^^ 

T3 0 0 0lMim±hJt^emv^iCffl&^Lf^« ZKlt. 

mmm^m& 1 2 ^ 3 0 mmjiirtcMRS t-cv^ 

€.7"c*^, ^ !vm<<z^t :^imMnmm.i 2cr)miz 
t5ifhi\mM<^KmitmmA^^ < mm fz^0^^zx 

1 ~3 0^^°>7-^ 'JjL—jUX'it. *efi:|nISI*K3i^— #/h 

S^/^ibKMl W^°'7-^ /W:i*3ftl> 2 0 0 0®:^^' 

mrnxh D , i^iHifi&aiK/5)-'-#^s v -^ttmi 3 o^n°v 

-^i/'A-/l^T-{i:b-f5&^l 0 OmX'h-ofz. ^tlii. m 

mm^mmi 2ti^±^\^fzMz. m-^-f i^/mi,z^t^ 
mmmmm 1 2 comizioif^umAcommti^itm'^:^ 

^<^'yfz^kl<zmmLX\^-^^i,cok^t(^tL:B. 4 

tz . mmm 3 wn-^-^ ^ -Ji^co^m^mk m- 
(^M^zan^ mmA.(^mm^±f<zim.mMW. la^tx s 
[0041] <mmmA >mz. mmm 1 <7^j^u-^-j^^ 



30 5mm. IbmmMfQ. 6 3 5 mmcO-fe^ 5 i^'SS 
1 2 aCOmmz. m. mti^-^^S. v l 2 a t |s|- 

J¥§*i0. 4mm<7)A 1:^1 2b, 12c^aML 

jtiteiRiHifiia^i 2b. m. WMm^ij-^ti^tii 0 

Omm. 1 0 0mmS.?/"3mmcOA 1 ^-^^iKA^'o^r-S 

tmm.1 1 ^mmtrz. ^(T^mmm^mmi 2^. a 1 
-s imu^miiYLximm.1 nzmmLx^m^m 
M^fpxii\m.Lxm-^Lrz. ^<Dm<^^m^i^Rv^ 
mm^f^imKmrnth ^kx\ mE^^yuiz^ttih 
s i co^mmmm 1 2Ri/mmm 1 1 ^cotmcom^ 
40 ^mmLfz. 2o^m7m}^m-th^kizxr,^mm^ 
mmi 2i)mmui 1 ^^^ss^'>#^tstLfc^^v-^:i-" 

J.— -5 tLTtf^^ixi^c^NV— ^:i/A— 
;^^l^l:P4 At Lfz. ^rS^'j.— ;Ptov»-c. 
±^c7)E P MAt: J: h 5;ir^3>Wt: J: "9 , S^HlS&a 

'Kl20AlSl2b F^Offlli-C-SfeSftS 1 1 z&^^j 0 . 2 
mmmtifzim^ZtSif^ S i -^***ilJSLf^t 
S i -^^ati: 0.05 mM%T-jS ^C7)E P MAM 

mzm\'-^i>m&mm&x/m^f^iinri>z^-t. 

[0042] 



1 5 

mm 



(9) 

B^m^nm JXA-88 0 0RL 
1 5kV 

yr^f—A-/ h±T3x 1 Q-^A 
5 Mm4> 



#IH2 00 3 
1 6 



86744 



Al (MjK9 9. 
S i (MJK9 9, 
Cu (MJg9 9. 
Mg (*iE^9 9. 
Mn (MjS99. 
Ge (MjK99. 



99%) 
99%) 
99%) 
9 9%) 
99%) 
99%) 



[0043] ±iei«t44 A<JO^^°V-^ya.-;^i: 

ISmmatXO. 6 3 5mmO-fe9S -y ^'^1 2 a(7) 
*iO . 4 mmcOA 1 1 2 b , 12c iWM tfz"i&»\°\ 

i2t.m. mRx/m^^'^^ti^'ti i o o mm. 

1 0 0mm&t^'3mm£OA 1 ^■^Mt^k^i-M^MiMl 

1 ^mMLfz. .r Offia^mif^S^ l 2 . a 1 - S i 9^ 

msmu 1 2 1 1 ^c7)teiito^js^ lis lt 

* ® L . 4 a^tov i^' -X - ;P Sr its L « 

^ LT . 2 0 ^i-^jiifi^^a]^ 6zti,z^K> ^mmm 

-;WC-:3V^T. ±mcr>EPMAI,zXh5}^.^Mffl>zX 
•9, )ffi)HJlMl8&a«12cOAl«12b|^-CMft«^l 

^>0. 2mmmifziiLWiZtol,1-^S i-^^miMj^Lfz 30 



(A 1 -S imn'>*fffifflB#) 

(A 1 -CuS^Cf^ftffiMBt) 
(A 1 -Mg^n'^^f^gfflBt) 

(A 1 -Mn^^r^mmm) 
(A 1 -Gem^^mmm) 
* msisM 1 2 Av^mmm 1 1 ^c^fis^t^^j^^^fts it 

6A— 6E, C:iX^><7)v'N°V— ^S^'a— /UZOV^T. ±iB 

mmm4tmmi,zLXMs^^^^m^Ltztz^, ^ 

fL^^O. 0 3fiM%, 0. 0 5fii%. 1. OMM. 
%. 2. 0fi*%. 3. 0fi*%-C-S,r>/S, 
[0046] <||]^M7>J^:lC, O'^fl-JCA 1 -Mn^ 



%. mm4C(r,j-iv~^'jjL-;vx'ii3. omm%. m 

^44 D C0VN°<7-^ 'JjL—fl^X'ii 0.02 S*%. Mf44 

[0 044] <^MM5>i^tC. nT>#tiAl-Cu^ 
con'^W^ffll^:<:13lj?M±±fBIIJftfij4 t PI«t LT>'n°V 
-^i^^iWl'^^MUc. 2^. Ifcii^ 

1 2 2ai>'S6:Sft« 1 1 ^OfifeSccoSS^ ^-fk^ -It 40 

X . ±mmmm4 1 mmi^z lxcu ^^M&mMtfz t 

^tl^tlO. 0 2fifi%, 0. 0 5fifi%. 1. 

2. ofi4%. 3. omM.%x-h'-:'fz,. 

[004 5] <IISiM6 >^^:(C, n^mzK 1 -M g^^ 



20 1 1 ^^om^if at^Jni^^ff {zm. 
it^^h^bi<zi:*). -miu^M^z-^tti^Mnomm 

T . ±IS^SfiM4 i: mmi>zLXMn^^mi9\^Lfz b 

^ti^fio. ois*%. 0. 0 5mm%. o. 
5mm%. 1. 0**%. 2. omm.%x'h-yfz. 

[0 0 47 ] <mmm8>mz. n<^WtCAl-Ge^ 

con^:iptt:m\-^timm±Mmmm4bmmcr)mm.b l 



m^m^mm 1 2avMft«^ 1 1 ^comL<ommi^it 

ISfiSA— SEi: L>^c<. .Itl.^>WN°V— ^>^'a— 
*.^T. ±ie^M4i:|B|«t;LTGe^*»^ii^L3t 
ti^. -e^X^^O. 0 2fi*%. 0. 0 5fi*%. 

1. 5fiM%, 3. 0fii%, 4. 0fii%T-<fe-:>^^o 
[0048] <WiM>Ui±.(DmMm4'-'8cr)^MMC0^^ 

^-^i^A -/i^tcov . ±mmmm i-sb mmi^z^Si 

m^-^ ^ii-m-^ucomm^'^i'yfz. ^ wis^s * 2 

-t. m2lz^^idiz^ n^M^coWl&'^Jzisifh^ 
S*%T'0 . 05S%SiS3. 0%. 0. 0 
5%SCu£2. 0%, 0. 05%£MgS2. 0%. 
0. 05%gMngl. 0%, 0. 05%gGeg3. 

0 %<r)mmxh tr<v~^>>\:i.-M±. V -^-rtL t m^^j: 

9 <r b ifW^^td-z . i tLt^ 

LT. iL%^xi^Mmt<mi%mzii\^h^^m.ifi. ±12 



1 7 

^hcDit. wmm^mm. 1 2 o a i « i 2 b tlm^\L l . 
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1 8 

[0049] 
[a2] 









(0) 


4 


40 


A 1 - S i 


0. 03 


500 


hA 


A 1 - S i 


0.05 


3400 


4D 


A 1 - S i 


1.5 


5100 




A 1 - S i 


3.0 


4800 


•It 


A 1 - S i 


4.0 


1800 


1^ 

5 




A 1 -C u 


0.02 


200 


3D 


A 1 -C u 


0.05 


3100 


CP 


A 1 -C u 


1.0 


4700 




A 1 -C u 


2.0 
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PROBLEM TO BE SOLVED: To obtain a power module 
whose heat cycle life is large by improving heat 
dissipation characteristic without generating a 
remarkable warp. 

SOLUTION: In the power module 10, one or two or 
more square insulating circuit boards 12 are fixed 
on one main surface of a radiating plate 11 of an 
Al based alloy of 3-10 mm in thickness A, one side 
B of the circuit board 12 is at most 30 mm, which 
board is directly soldered to the radiating plate 
11, and component of solder material is diffused 
in the circuit board 12 and/ or the radiating plate 
11. It is desirable to use one or two or more 
kinds selected from AlSi, Al-Ge, Al-Cu, Al-Mg or 
Al-Mn based solder materials, as the solder 
material . The circuit board 12 can be constituted 
of a ceramic substrate 12a composed of Si3N4, AIN 
or A1203 and a first and a second Al plates 12b, 
12c which are bonded to both surfaces of the 
substrate 12a. Purity of the Al plate 12b is 
desirable to be 99.98 wt . % . 
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